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 Positive and negative small ions, aerosol ion and number concentration and dc 
electric fields were monitored at an overhead high-voltage power line site. We show 
that the emission of corona ions was not spatially uniform along the lines and occurred 
from discrete components such as a particular set of spacers. Maximum ion 
concentrations and atmospheric dc electric fields were observed at a point 20 m 
downwind of the lines. It was estimated that less than 7% of the total number of 
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Abstract 
 
Positive and negative small ions, aerosol ion and number concentration and dc electric 
fields were monitored at an overhead high-voltage power line site. We show that the 
emission of corona ions was not spatially uniform along the lines and occurred from 
discrete components such as a particular set of spacers. Maximum ion concentrations 
and atmospheric dc electric fields were observed at a point 20 m downwind of the 
lines. It was estimated that less than 7% of the total number of aerosol particles was 
charged. The electrical parameters decreased steadily with further downwind distance 
but remained significantly higher than background. 
 
 
Keywords: Corona ions, power lines, atmospheric electric field, charged aerosols. 
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1. Introduction 
 
Atmospheric small ions mainly originate from the interaction of cosmic rays on air 
molecules and the presence of trace radioactive isotopes in the natural environment. 
These ions are usually found in the form of molecular clusters smaller than about 1 
nm in size, bound together by charge [1]. Once produced, small ions quickly attach to 
aerosol particles in the size range, roughly 1 nm to 1 µm in diameter. These are 
classified as ‘aerosol ions’ [2]. While small ions have a higher mobility and migrate 
quicker towards the ground, aerosol ions can be transported to greater distances in the 
wind. Air ions are also produced by anthropogenic sources such as high voltage 
power lines, motor vehicle exhaust and air conditioning systems. The high electric 
fields existing close to overhead power lines can cause electrical breakdown of the 
surrounding air - commonly referred to as corona discharge. Most power lines are 
designed to operate with no corona to minimize loss of power during transmission. 
However, accumulation of dust and dirt and the presence of water drops from rain or 
dew may produce local intensification of the electric field on the surface of the 
conductors may give rise to corona discharge. Direct measurements of power losses 
from high voltage transmission lines are very scarce. Abdel-Salam and Abdel-Aziz 
[3] estimated that the corona power loss from a closely spaced, new and unwashed, 
220 kV three phase line was about 0.04 mA m-1. This corresponds to about 2.4 x 1014 
ions s-1 m-1 of line. This value is expected to be higher for older lines. A single phase 
line of the same diameter and height above the ground showed a loss of almost one-
third of the value for the three phase line [3]. While most of these ions recombine 
with the power line, a significant fraction may escape in the wind and be carried 
downwind from the lines, both in the form of small ions and aerosol ions [4]. The 
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presence of elevated ion concentrations in the air downwind of power lines have been 
directly measured with ion monitors [5,6] and indirectly estimated by measuring the 
static dc electric fields at the ground [4,7,8]. Ion concentrations produced by ac high 
voltage lines are generally lower than from dc lines. For example, Carter and Johnson 
[5] measured air ion concentrations near a 500 kV dc test line and found small ion 
concentrations of up to 1.5 x 105 cm-3 and aerosol ion concentrations of a few tens of 
thousands cm-3. Similarly, Suda and Sunaga [9] measured aerosol ion concentrations 
near a 750 kV dc test line and found concentrations as high as 104 ions cm-3 at a 
distance of 200 m downwind of the line. Grabarczyk and Berlinski [10] measured ion 
concentrations near high voltage ac lines using a Gerdien-type aerosol ion counter. 
They reported concentrations of the order of 103 cm-3 near two 110 and 220 kV lines 
and of the order of 104 cm-3 near a 400 kV line. 
 
The vertical dc electric field at the ground gives an indication of the total net space 
charge within the column of air above the measurement point. The earth’s natural 
electric field is positive (directed vertically downwards) under fair weather conditions 
and varies from about 100 V m-1 in clean environments to a few hundreds of V m-1 in 
polluted regions [11]. Its magnitude can be significantly affected by the presence of 
thunderclouds aloft as well as local space charge from sources such as overhead 
power lines. Fews et al, [4,7] used a field mill meter to measure changes in the earth’s 
vertical electric field to estimate the ion concentrations near several overhead 132 and 
400 kV transmission lines in the UK. They used a dispersion model to estimate the 
ion concentrations aloft and found values from 250 to 7000 elementary charges cm-3 
with an average value of 3000 cm-3. Both positive and negative space charge clouds 
were detected with an excess of positive charge during fair weather conditions. 
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In summary, very few studies have been conducted to directly measure ion 
concentrations near power lines and, as a result, our knowledge of how these ions are 
produced, how they attach to particles and how they are dispersed away from their 
source is extremely sparse. There are two other aspects of the corona ion emission 
process from a power line that merit investigation: do lines emit corona at a constant 
rate and is the emission uniformly distributed along a line or does it occur from 
discrete points or components of the line? The present study was aimed at answering 
these questions.  
 
 
2. Methods 
 
2.1 Description of the study area 
This study was carried out near three parallel ac double circuit power lines running 
roughly east-west across an open parkland.  The site was chosen because of an above 
average concentration of ions in its vicinity that enabled the nature of emission and 
dispersion of the corona ions to be easily determined over the background 
concentrations. We shall denote the three sets of power lines as 1, 2 and 3 from south 
to north. power lines 1 and 2, carried a transmission voltage, defined as between 220 
and 330 kV while power line 3 carried a sub-transmission voltage, defined as between 
110 and 132 kV. Line heights varied from about 25 m at the pylons to about 20 m at 
mid-span. A photograph of the site is shown in Fig 1. The view is from the east 
looking west. The three sets of lines are 1, 2 and 3 from left to right (or south to 
north). The two larger pylons on the left support two sets of transmission voltage lines 
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(1 and 2) while the smaller pylon on the right carries a single set of sub-transmission 
voltage lines (3). The ground in the immediate vicinity of the lines was level and clear 
of any buildings or trees. A day was selected when the sky was totally free of clouds 
and there was a steady wind of 5.2 ± 0.8 m s-1 blowing normal to the lines, directly 
from the south, i.e from left to right in the picture. Measurements were first made 
along a line parallel to and downwind of the lines. Measurements were also made at a 
point upwind of the lines, about 20 m to the south of power line 1, in a clearing away 
from tall trees and repeated at various points under the lines and extending to a 
distance of about 80 m from power line 3 in the downwind direction. 
 
2.2 Instrumentation 
Small ion concentrations were measured with two Alphalab air ion counters that were 
factory-calibrated just prior to the measurement campaign. This instrument has a 
dynamic range of 10 – 106 ions cm-3 with a minimum detectable charge concentration 
of 10 ions cm-3 and a response time of 2 s. The minimum characterisable mobility of 
the unit is 0.5 cm2 V-1 s-1, which corresponds to a detectable maximum ion size of 1.6 
nm. The instrument has the capability of monitoring negative and positive ions 
separately, but not simultaneously. Hence, two instruments were used to measure both 
positive and negative small ion concentrations separately at each measurement point. 
A TSI 3068 aerosol electrometer was used to measure the net aerosol ion 
concentration. This instrument draws ambient air through a particle filter and 
determines the total net charge present on aerosol particles in the size range 2 nm to 5 
μm. Nominal response time is about 1 s. Ultrafine particle number concentration was 
monitored with a TSI-3782 water-based condensation particle counter (CPC) that 
measures particles down to a size of 10 nm in number concentrations up to 5 x 104 
cm-3. The time response of the instrument is less than 3s. 
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A JCI-140 electric field mill meter was used to measure the vertical dc electric field at 
a height of 1 m above ground level. The instrument has a time response of 50 ms and 
a resolution of 10 V m-1. It was pre-calibrated in the laboratory using two large, flat, 
parallel plates connected to a variable voltage supply to simulate a known electric 
field. A correction factor of 1.45 was derived and applied to all field readings to 
correct for fringing effects. The ac magnetic field strength was monitored with a 
hand-held monitor from Gigahertz Solutions, Germany. The instrument was set to the 
frequency range 5 Hz to 100 kHz as recommended for the electric power grid and its 
natural harmonics. The maximum detectable magnetic field value was 2000 nT. At 
each location, the instrument was oriented to determine the maximum field strength 
which was generally in the north-south direction. 
 
All data were logged at 1 s intervals on a laptop computer. Each reading was obtained 
as the average over several minutes which were considerably longer than the response 
times of the instruments. Meteorological parameters such as wind speed, wind 
direction, temperature and relative humidity were monitored continuously. The 
relative humidity affected the zero stability of the aerosol electrometer when it 
exceeded about 65%. However, during the entire measurement campaign, the ambient 
relative humidity did not exceed about 44% and, so, did not cause any problems. 
 
2.3 Measurement techniques 
Fig 2 shows a plan view of the measurement site. A and B are the positions of the 
pylons supporting the three sets of power lines denoted 1, 2 and 3. A1, A2 and A3 are 
the three pylons observed in Fig 1 looking from the east. In order to indicate the 
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measurement locations clearly, the figure is not drawn to scale, and its main purpose 
is to show the directions of the two measurement paths in relation to the lines. The 
distance between the two sets of pylons was approximately 320 m. 
 
In order to study the spatial distribution of the corona ion emission rates of the lines, 
measurements of positive and negative small ion concentrations and dc electric field 
were made along a path parallel to the lines, approximately 15 m downwind of power 
line 3. This is the line X0 to X7 as shown in Fig 2. It was normal to the direction of 
the wind which prevailed from south to north. A specific aim of this study was to 
verify if the lines were emitting corona ions uniformly or from discrete points.  
 
A more extensive set of measurements was then made along a transverse direction 
from south to north, shown by the line Y0 to Y7 in the figure. The distance from Y0 
to Y7 was 160 m. This line was normal to the lines and, hence, in the direction of the 
wind. The parameters measured included both positive and negative small ion 
concentrations, net aerosol ion concentration, ultrafine particle number concentration, 
vertical dc electric field and maximum ac magnetic flux density. The measurement 
locations included an upwind point, Y0, approximately 20 m south of power line 1, 
which provided an estimate of the ambient background values, points Y1, Y2 and Y3 
directly under the three lines, and four points, Y4 to Y7, downwind of the lines, 
spanning a total distance of 160 m. Measurements under the lines and downwind of 
the lines provided information on the maximum values of the parameters and an 
indication of how they varied with distance from the lines. The location Y4 coincided 
with X3. 
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3. Results and Discussion  
 
All measurements were carried out on a sunny, cloud-free day in October 2007 
between the hours of 10:00 and 16:00 h. Over the measurement period, the air 
temperature was 21.7 ± 1.0 ºC, relative humidity 41 ± 3 % and atmospheric pressure 
close to 1026 hPa. A steady southerly wind of 5.2 ± 0.8 m s-1 blew normal to the lines 
as shown in Fig 2. 
 
3.1 Measurements parallel to the lines 
Fig 3(a) shows the median positive and negative small ion concentrations measured at 
the 8 points X0 to X7. Fig 3(b) shows the corresponding dc electric field values. 
 
Close to the power lines and immediately downwind of it, the majority of the ions 
were positive with concentrations of a few thousand cm-3 compared to less than 500 
cm-3 for the negative ions. A key observation was the peak positive ion concentration 
occurring at X3 in relation to the other points along the line X0-X7. Repeated 
measurements (not shown) proved that this observation was statistically significant 
and reproducible from day to day. The negative ion concentration did not show such a 
discontinuity along the line of measurement. The positive dc electric field showed a 
maximum around X2 and X3. As we moved along the line X0-X7, the sharp increase 
of positive ions at X3, suggested that the emission of corona ions from the lines was 
not uniform along its length, and that there was a peak positive corona source on the 
power lines in line with this point. This was corroborated by the electric field 
measurements. The wider spatial distribution of the elevated electric field around X3 
is not surprising because, unlike the in-situ measurements of air ion concentration, the 
 10 
electric field is determined by space charge over a wider expanse of the environment. 
The electric field observation indicates the presence of net positive charge in the 
wider environment around X3 and supports the observed spatial distribution of 
positive ions. 
 
3.2 Measurements normal to the lines 
In order to investigate how the parameters varied as a function of distance away from 
the power lines, it was necessary to carry out a set of measurements along a line, 
normal to the power lines. The path normal to the power lines at X3 was selected for 
this purpose owing to the high, and therefore easily measurable, magnitudes of the 
electrical parameters along the length of this line. The data were obtained in a 
sequential test plan with spot checks at the fixed point Y4 after every two sets of 
measurements. 
 
3.2.1 AC Magnetic Fields 
The ac magnetic field was monitored at the ground in order to show that the lines 
were energized during the experiments. Fig 4 shows the spatial variation of the ac 
magnetic field along the line Y0-Y7 (see Fig 2). The field showed a maximum 
horizontal component along the south-north axis, that is along the direction normal to 
the power lines. The values shown here correspond to this component and hence 
represent the maximum fields at each location Y0 to Y7. The three power lines are at 
Y1, Y2 and Y3. Y0 is 20 m upwind of power line 1 and Y7 80 m downwind of power 
line 3. As expected from a three-line configuration such as this, the ac magnetic field 
values peak directly under the two outer power lines and decreases rapidly with 
distance away from the lines [12]. 
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3.2.2 Ion concentrations 
The magnitudes of the ion concentrations and their fluctuation in time differed 
markedly between the upwind and downwind sides of the lines. To illustrate this, in 
Fig 5, we present a short time series of the positive small ion concentrations at 
locations Y0 (20 m upwind of power line 1) and Y4 (20 m downwind of power line 
3). The corresponding mean positive small ion concentrations at these two points 
were significantly different with the downwind value being around an order of 
magnitude higher than the upwind value. Furthermore, the large fluctuations observed 
at Y4 were not present at Y0. For example, note the large positive excursions from the 
mean at times near 50, 100 and 200s in the graph. No such excursions were observed 
at the upwind location, Y0. These excursions were often, but not always, associated 
with wind gusts. The presence of these large fluctuations is apparent from the graph in 
Fig 6 which shows the mean values and standard deviations of the positive small ion 
concentration as a function of distance from Y0 along the line Y0-Y7, with the wind 
direction from Y0 to Y7. The values shown are the 1s mean concentrations over a 
period of 5 min at each location. The error bars represent the respective standard 
deviations about the mean. 
 
This figure demonstrates several interesting features. With the wind blowing from Y0 
to Y7, the mean concentration showed a minimum value of 552 cm-3 at the upwind 
location Y0. The concentration at Y1, directly under power line 1 was 648 cm-3, 
which is not significantly different from the upwind location, but well below the 
downwind values, suggesting that the corona ions produced by this power line, if any, 
were probably swept along with the wind and did not reach the ground directly 
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underneath. The concentration at Y2, under power line 2, was significantly higher 
than at Y0 and Y1. The concentration increased in the direction of the wind until it 
reached a maximum mean value of 5229 cm-3 at Y4, which was at a distance of 20 m 
downwind from the edge of power line 3. Thereafter, the concentration steadily 
decreased with distance in the downwind direction, up to the limit of measurements at 
Y7. In this graph, the error bars show the respective standard deviations about the 
means and give a good indication of the variation of the ion concentrations at each 
location in time. In agreement with the discussion on Fig 5, the variance was small at 
Y0 - the upwind location. The maximum variance occurred at Y3 and Y4, near the 
downwind edge of the set of power lines, and is due to the positive excursions in ion 
concentration observed in the time series data in Fig 5. Thereafter, the variance 
decreased with downwind distance.  
 
In Fig 7, the median values of the positive and negative small ion concentrations and 
the net aerosol ion concentration are shown as a function of distance from Y0 along 
the line Y0-Y7. Note that this graph shows median values with their respective 
standard errors. Median values were chosen over mean values to minimise the effects 
of excursions in concentrations that occurred during wind gusts. 
 
While the positive small ion concentration shows a distinct maximum at Y4, distance 
100 m from Y0, there is no significant variation in the negative ion concentration with 
distance. At Y4, the number concentration of positive small ions (+4430 cm-3) is 
nearly 20 times larger than the number concentration of negative small ions (-229 
cm-3). The negative small ion concentrations under and downwind of the power lines 
are not statistically different to the upwind concentration of -398 cm-3 observed at Y0. 
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Similar to the positive small ion concentration, the net aerosol ion concentration also 
shows a distinct positive maximum at Y4 and decreases thereafter with downwind 
distance. The maximum net aerosol ion concentration was +1275 cm-3. We have no 
explanation for the negative sign of the net aerosol ion concentration on the upwind 
side of the power lines. As the wind blew normal to the lines, it is highly unlikely that 
this charge originated from the lines. Net negative small ion concentrations in the 
environment have been reported previously [6]. 
 
In Fig 7, both the positive small ion concentration and the net aerosol ion 
concentration show a common peak at Y4. The correlation coefficient between these 
two parameters was 0.78. The correlation coefficient between the net small ion 
concentration and the net aerosol ion concentration was 0.82. 
 
The net small ion concentration and the net aerosol ion concentration were monitored 
at 1s intervals over longer periods at location Y4. This point coincides with the fixed 
point X3 located 15 m downwind of power line 3 (section 3.2). From this data, 10 s 
running averages were calculated. Figure 8 shows a plot of the 10 s running averages 
of the net small ion concentration plotted against the net aerosol ion concentration 
with the wind blowing normal to the lines. In this instance, the two parameters 
showed a correlation coefficient of 0.72. 
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3.2.3 Particle number concentration 
Aerosol particles were monitored with the CPC and the median particle number 
concentrations measured at the eight locations along the line Y0-Y7 are shown in Fig 
9.  The values shown are medians of 1s readings over periods of 5 min at each 
location and the error bars represent the corresponding standard errors. Statistically, 
there was no difference in particle number concentration with distance along the line 
Y0-Y7 across the power lines.  
 
3.2.4 Attachment of ions to particles 
Corona ions generated by the power lines attach to particles producing aerosol ions. 
Neglecting the small number of negative ions and assuming that each charged particle 
carried a unit positive charge, it was possible to roughly estimate the fraction of 
particles that were charged as the ratio of the aerosol ion concentration to the particle 
number concentration. The results showed that only a small fraction (< 7%) of the 
particles carried a charge. This is not unexpected as the ion-aerosol attachment 
process is a progressive one and elementary calculations suggest relatively little 
attachment of ions to aerosol particles within the short times available in a wind of 6 
m s-1. 
 
3.2.5 DC Electric fields 
The vertical dc electric fields measured along the line Y0-Y7 are shown in Fig 10. 
The background value of the earth’s fair weather field at urban locations well away 
from power lines and other ion sources and obstructions was about +150 V m-1. This 
value is significantly reduced due to shielding effects of buildings, trees and power 
line pylons.  
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The electric field on the upwind side of the lines was negative. This indicates the 
presence of a net negative space charge in the atmosphere and is consistent with the 
observed net negative aerosol charge at this location (Fig 7). The electric field goes 
positive as the location moves under the power lines and reaches a peak value of +536 
V m-1 at Y4, which is the location that also showed the maximum positive small ion 
and aerosol ion concentrations. The field decreases with increasing distance 
downwind of the power lines, and reduces to 275 V m-1 at Y7. This value is still much 
higher than the background electric field and indicates that, even at horizontal 
distances of 100 m or more from the power lines, there are measurable quantities of 
corona-generated ions in the atmosphere. 
 
 
3.3 Nature of corona emission 
 
3.3.1 Source of the corona emissions 
From Fig 3, it is clear that the sources of corona emissions are not distributed 
uniformly along the power lines. Over much of the length of the lines, there was little 
or no emission at all. This was a general observation at many power line sites 
investigated and is in agreement with Jayaratne et al [6] who measured small ion 
concentrations at 41 sites and showed that as many as 1 in 4 sites showed 
concentrations that were not significantly different to background. Only about 1 in 5 
sites showed a concentration that exceeded twice the background concentration. The 
present site was selected for this investigation because of a known source of high 
corona emission. The spatial distribution of the measured small ion and aerosol ion 
concentrations and the vertical dc electric field, pointed to a set of spacers on power 
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line 2 at Y2. Some of these spacers are visible in Fig 2, while Fig 11 shows a close-up 
view. 
 
These spacers are placed to hold the cables apart. The rough edges on high voltage 
conductors are known to reduce the initiation voltage required for corona. In fact, 
standing under this set of spacers, it was possible to hear a distinct audible crackling 
hiss which is characteristic of corona emissions. Also, on another day, with the wind 
blowing parallel to the lines, further readings were obtained at points upwind and 
downwind of the spacer. The positive small ion concentration reading downwind of 
this spacer was about three times higher than upwind. We propose that the above- 
average ion concentration observed at this site was the result of this particular source. 
 
3.3.2 Sign of the corona charges 
The observed net sign of the corona ions from the power lines was clearly positive. 
For example, at Y4, the number concentration of positive small ions was nearly 20 
times larger than that of negative small ions. Many other studies near overhead ac 
power lines, have showed an excess of positive space charge [7, 10, 13, 14]. However, 
there are some studies showing a net negative space charge, including Fews et al. [4] 
who measured the dc electric fields downwind of 14 power lines and found that they 
corresponded to a net negative charge at all locations. Fews et al [7] extended these 
measurements to 17 other sites and found a net negative charge at only 3 locations 
with net positive charge at the other 14 locations. Grabarczyk and Berlinski [13] 
found a net positive charge downwind to a distance of 100 m from an ac line after 
which it reversed to net negative charge. Jayaratne et al [6] measured small ion 
concentrations at 41 ac power line sites and reported that 25 showed a net positive 
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charge and 16 showed a net negative charge. We have no explanation for the 
difference in sign observed at various sites. In fact, Fews et al [7] quite rightly, state 
that the reasons for the preponderance of space charge with a bias towards one 
polarity, as opposed to another, are not fully understood.  
 
4. Conclusions 
 
Concentrations of positive and negative small ions, net aerosol ions and fine particle 
number, dc electric fields and ac magnetic fields were measured at a site near three 
parallel overhead power lines with a steady wind blowing normal to the lines. 
Measurements were made at seven points at ground level along a length of about 340 
m of the lines along a line parallel to the lines about 20 m downwind of the lines and 
at eight points upwind, under and downwind of the lines spanning a total distance of 
about 160 m. The main conclusions of this study are as follows: 
 
Positive small and aerosol ion concentrations downwind of the lines were 
significantly higher than on the upwind side, suggesting that the lines were a source of 
positive corona. The emission of corona ions along the lines was not uniform, with 
large small ion concentrations being attributed to discrete sections of the lines, while 
large sections of the lines did not produce any corona at all. A set of spacers on one of 
the lines was identified as a probable source of corona. When moving from the 
upwind to the downwind side of the lines, along a line through the spacers, positive 
small ion and aerosol ion concentrations and dc electric field all increased sharply. 
The respective median values of these three parameters at a downwind distance of 20 
m from the lines were found to be 4400 cm-3, 1300 cm-3 and 530 V m-1. Making a 
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simplistic assumption that each charged aerosol particle carried a unit charge, it was 
estimated that less than 7% of the total number of particles was charged. The 
electrical parameters decreased steadily with downwind distance from the lines but 
were still significantly higher than background at the limit of measurement. 
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Figure Captions 
 
Fig 1: The measurement site showing the three sets of double circuit lines.  
 
Fig 2: Plan view of the measurement site.  
 
Fig 3: Median and standard errors of the (a) positive and negative small ion 
concentrations and (b) dc electric field as a function of distance from X0, along the 
line X0-X7 parallel to the power lines. 
 
Fig 4: The horizontal ac magnetic field as a function of distance normal to the power 
lines in the direction of the wind as shown. 
 
Fig 5: Time series of positive small ion concentrations at Y0/upwind of the power 
lines (lower curve) and at Y4/downwind of the power lines (upper curve). 
 
Fig 6: Mean positive small ion concentration as a function of distance from Y0 along 
the line Y0-Y7 normal to the lines. 
 
Fig 7: Median concentrations of positive small ions, net aerosol ion and negative 
small ions as a function of distance normal to the power lines in the direction of the 
wind as shown. 
 
Fig 8: Ten second running averages of the net small ion concentration plotted against 
the net aerosol ion concentration measured at Y4. 
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Fig 9: Median particle number concentration as a function of distance normal to the 
power lines in the direction of the wind as shown. 
 
Fig 10: The vertical dc electric field as a function of distance normal to the power 
lines in the direction of the wind as shown. 
 
Fig 11: A pair of lines at power line 2 at location Y2, showing the spacers suspected 
of emitting corona. 
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Fig 8 
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Fig 9 
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